Introduction
Heat transfer and mass transfer are kinetic processes that may occur and be studied separately or jointly. Studying them apart is simpler, but both processes are modelled by similar mathematical equations in the case of diffusion and convection (there is no mass-transfer similarity to heat radiation), and it is thus more efficient to consider them jointly. Besides, heat and mass transfer must be jointly considered in some cases like evaporative cooling and ablation. The usual way to make the best of both approaches is to first consider heat transfer without mass transfer, and present at a later stage a briefing of similarities and differences between heat transfer and mass transfer, with some specific examples of mass transfer applications. Following that procedure, we forget for the moment about mass transfer (dealt with separately under Mass Transfer), and concentrate on the simpler problem of heat transfer. There are complex problems where heat and mass transfer processes are combined with chemical reactions, as in combustion; but many times the chemical process is so fast or so slow that it can be decoupled and considered apart, as in the important diffusion-controlled combustion problems of gas-fuel jets, and condensed fuels (drops and particles), which are covered under Combustion kinetics.
Magneto-hydrodynamic (MHD) boundary layers with heat and mass transfer over a flat surface are found in a many engineering and geophysical applications such as geothermal reservoirs, thermal insulation, cooling of nuclear reactors. Many chemical engineering processes like metallurgical and polymer extrusion processes involve cooling of a molten liquid being stretched into a cooling system; the fluid mechanical properties of the penultimate product depend mainly on the cooling liquid used and the rate of stretching. Some polymer fluids like Polyethylene oxide and polysobutylene solution in cetane, having batter electromagnetic properties, are normally used as cooling liquid as their flow can be regulated by external magnetic fields in order to improve the quality of the final product. Bejan and Khair [3] investigated the free convection boundary layer flow in a porous medium owing to combined heat and mass transfer. Lai and Kulacki [9] used the series expansion method to investigate coupled heat and mass transfer in natural convection from a sphere in a porous medium. The suction and blowing effects on free convection coupled heat and mass transfer over a verrtical plate in a saturated porous medium were studied by Raptis et al. [15] and Lai and Kulacki [10] respectively. The effect of thermal radiation on heat and mass transfer flow of a variable viscosity fluid past a vertical porous plate permeated by a transverse magnetic field was reported in Makinde and Ogulu [12] . Mikinde [11] studied the similarity solution of hydromagnetic heat and mass transfer over a vertical plate with a convective surface boundary condition. The paper demonstrates that a similarity solution is possible if the convective heat transfer associated with the hot fluid on the lower surface of the plate is proportional to the inverse square root of the axial distance. Recently Gnaneswar Reddy and Bhaskar Reddy [6] reported a Soret and Dufour effects on steady MHD free convection flow past a semi-infinite moving vertical plate in a porous medium with viscous dissipation. In all these studies Soret / Dufour effects are assumed to be negligible. Such effects are significant when density differences exist in the flow regime. For example when species are introduced at a surface in fluid domain, with different (lower) density than the surrounding fluid, both Soret and Dufour effects can be significant. Also, when heat and mass transfer occur simultaneously in a moving fluid, the relations between the DOI: 10.9790/5728-1204032235 www.iosrjournals.org 23 | Page fluxes and the driving potentials are of more intricate nature. It has been found that an energy flux can be generated not only by temperature gradients but by composition gradients as well. The energy flux caused by a composition gradient is called the Dufour or diffusion-thermo effect. On the other hand, mass fluxes can also be created by temperature gradients and this is called the Soret or thermal-diffusion effect. The thermal-diffusion (Soret) effect, for instance, has been utilized for isotope separation, and in mixture between gases with very light molecular weight (H2, He) and of medium molecular weight (N2, air), the diffusion-thermo (Dufour) effect was found to be of a considerable magnitude such that it can not be ignored (Eckert and Drake [4] 
II. Formulation And Solution Of The Problem:
Let us consider a steady, laminar, hydro magnetic coupled heat and mass transfer by mixed convection flow over a vertical plate. The fluid is assumed to be Newtonian, electrically conducting and its property variations due to temperature and chemical species concentration are limited to fluid density. The density variation and the effects of the buoyancy are taken into account in the momentum equation (Boussinesq's approximation). In addition, there is no applied electric field and all of the Hall effects and Joule heating are neglected. Since the magnetic Reynolds number is very small for mast fluid used in industrial applications, we assumed that the induced magnetic field is negligible. The physical configuration of the problem is as shown in Figure 1 . 
The boundary conditions at the plate surface and for into the cold fluid may be written as
The velocity components u and v are respectively obtained as follows:
A similarity solution of Equations (1)- (6) is obtained by defying an independent variable  and a dependent variable 'f 'in terms of the stream function  as
The dimensionless temperature and concentration are given as ( ) ,
Where w T is the temperature of the hot fluid at the left surface of the plate. Substituting the equations (6)- (8) in to Equations (1)- (5), we obtain 1
Where the prime symbol represents the derivative with respect to  Where, (9)- (13) are functions of x. However, in order to have a similarity solution all the parameters Bi , Ha , Gr , Gc , Du, Sr, Ec must be constant and we therefore assume can be easily computed. For local similarity case, integration over the entire plate is necessary to obtain the total skin friction, total heat and mass transfer rate. The set of coupled nonlinear governing boundary layer equations (9)- (11) together with the boundary conditions (12&13) are solved numerically by using the Runge-Kutta fourth order technique along with shooting method. First of all, higher order non-linear differential Equations (9)- (11) are converted into simultaneous linear differential equations of first order and they are further transformed into initial value problem by applying the shooting technique (Jain et al. [7] ). The resultant initial value problem is solved by employing Runge-Kutta fourth order technique. The step size   =0.05 is used to obtain the numerical solution with decimal place accuracy as the criterion of convergence. From the process of numerical computation, the skin-friction coefficient, the Nusselt number and the Sherwood number, which are respectively proportional to ''(0), (0) 
III. Results And Discussions
Numerical results are reported in the tables 1-2. The prandtl number was taken to be Pr=0.72 which corresponds to air, the value of Schmidt number (Sc) were chosen to be Sc=0.24,0.62, 0.78,2.62, representing diffusing chemical species of most common interest in air like H 2 ,
, H O NH and Propyl Benzene
respectively. Attention is focused on positive value of the buoyancy parameters that is, Grashof number Gr>0(which corresponds to the cooling problem)and solutal Grashof number Gc>0(which indicates that the chemical species concentration in the free stream region is less then the concentration at the boundary surface).In order to benchmark our numerical results, we have compared the plate surface temperature  (0) and the local heat transfer rate at the plate surface '(0)  in the absence of both magnetic field and buoyancy forces for various values of Bi with those of Gnaneswar Reddy and Bhaskar Reddy [6] and found them in excellent agreement as demonstrated in table 1.From table 2, it is important to note that the local skin friction together with the local heat and mass transfer rate at the plate surface increases with increasing intensity of buoyancy forces (Gr,Gc),magnetic field (Ha) , convective heat change parameter (Bi), Eckert number (Ec), Dufour number (Du) and Soret number (Sr). However, an increase in the Schmidt number (Sc) and chemical parameter ( r  ) causes a decrease in both skin friction and surface heat transfer rate and an increase in the surface mass transfer rate.
The effects of various parameters on velocity profiles in the boundary layer are depicted in Figures 1-9 . It is observed from Figures 1-9 , that the velocity starts from a zero value at the plate surface and increase to the free stream value far away from the plate surface satisfying the far field boundary condition for all parameter values. In Figure 1 the effect of increasing the magnetic field strength on the momentum boundary layer thickness is illustrated. It is now a well established fact that the magnetic field presents a damping effect on the velocity field by creating drag force that opposes the fluid motion, causing the velocity to decease. However, in this case an increase in the (Ha) only slightly slows down the motion of the fluid away from the vertical plate surface towards the free stream velocity, while the fluid velocity near the vertical plate surface increases. Similar trend of slight increase in the fluid velocity near the vertical plate is observed with an increase in convective heat transfer parameter (Bi). Figures 3,4,7 ,8&9shows the variation of the boundary-layer velocity with the buoyancy forces parameters (Gr,Gc), Eckert number (Ec), Dufour number (Du) and Soret number (Sr). In the above cases an upward acceleration of the fluid in the vicinity of the vertical wall is observed with increasing intensity of buoyancy forces. Further downstream of the fluid motion decelerates to the free stream velocity. Figure 5 and 6 shows a slight decrease in the fluid velocity with an increase in the Schmidt number (Sc) and chemical reaction parameter ( Kr ).
Generally, the fluid temperature attains its maximum value at the plate surface and decreases exponentially to the free stream zero value away from the plate satisfying the boundary condition. This is observed in Figures 10-19 . From these figures, it is interesting to note that the thermal boundary layer thickness decreases with an increase in the intensity of magnetic field Ha, the buoyancy forces (Gr,Gc), permeability parameter (Pr) and Soret number (Sr). Moreover, the fluid temperature increases with an increase in the 
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IV. Conclusions
We have studied hydromagnetic mixed convection heat and mass transfer over a vertical plate subjected to convective heat exchange with the surrounding in the presence of magnetic field and chemical reaction. The governing equations are approximated to a system of non-linear ordinary differential equations by similarity transformation. Numerical calculations are carried out for various values of the dimensionless parameters of the problem. A comparison with previously published work is performed and excellent agreement between the results is obtained. The results are presented graphically and the conclusions are drawn that the flow field and other quantities of physical interest are significantly influenced by these parameters. The results for the prescribed skin friction, local heat and mass transfer rate at the plate surface are presented and discussed. It was found that the local skin-friction coefficient, local heat and mass transfer rate at the plate surface 
